Asn-linked oligosaccharide units that are present in glycoproteins are often extensively heterogeneous in number, in the linkage type and location of the sialic acid (NeuAc) residues, and in the underlying asialo core oligosaccharides.
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Asn-linked oligosaccharide units that are present in glycoproteins are often extensively heterogeneous in number, in the linkage type and location of the sialic acid (NeuAc) residues, and in the underlying asialo core oligosaccharides.
Their structural characterization requires the complex mixture of oligosaccharides to be separated and purified to homogeneity. Baenziger and coworkers1~4) have introduced some rapid and sensitive methods which involve reducing the oligosaccharides with NaB3H4 and subsequently fractionating the mixture by HPLC. Recently, Yamamoto et a/. 5 The column was eluted as described in the text. Nindicates the position to which all of the peaks movedafter incubating the components with sialidase. The oligosaccharides were fractionated as indicated by the bars. we describe HPLC methods which can be used for the efficient fractionation of ABEE-sialyloligosaccharides. Preparation of the ABEE-sialyloligosaccharides from glycoproteins was performed as described previously.8' The ABEE-sialyloligosaccharides were desalted by BioGel P-2 gel nitration, using 0.1 m pyridine-acetate buffer (pH 4.0). The structures of the ABEE-oligosaccharides cited in this paper were characterized by positive and negative FAB-MS (JEOL JMS-HX100), methylation analysis9>10) and/or sequential exoglycosidase digestion.11] Figure 1 shows the separation of a mixture of ABEEsialyloligosaccharides prepared from oq-acid glycoprotein (AGP, Sigma Chemical Co.) by HPLC on TSK gel DEAE-5PW(TOSHO Co., Ltd.) using a Shimadzu LC-6A liquid chromatograph. The column (0.75 x 7.5cm) was pre-equilibrated in 10mM NaH2PO4, then eluted with lOmM NaH2PO4 for lOmin with a subsequent linear gradient of 10mM to the final concentration of 170mM NaH2PO4 over 40min at a flow rate of 0.5ml/min at ambient temperature.
The elution was monitored at 304nm, and excellent separation was possible based on the number of NeuAcresidues. Partial separation of those oligosaccharides with the same numberof NeuAcresidues was achieved according to the difference in molecular size. The ratio of mono-, di-, tri-and tetrasialyloligosaccharides and the composition of the asialo core oligosaccharides in each fraction were closely similar to those published which were homogeneous to the asialo core oligosaccharide and numberof NeuAcresidue. The structures of the oligosaccharides are presented in Fig. 2 . The linkage types of the NeuAc residues were determined by comparing the data obtained by a methylation analysis of the sialyloligosaccharides with those of the asialso oligosaccharides and the location of NeuAcin the monosialyl oligosaccharides by the enzymatic method ofYamashita et al.n) Separation of the ABEE-sialyloligosaccharides was essentially attributed to differences in their molecular sizes. Fet-SIII3'4'14 '15) manifested two major components (Fig.  2B) . Components 1 and 2 were found to contain a2,3-and a2,6-linked NeuAcresidues in their respective ratios of as shown in Fig. 2D and E. Similarly, component 1 in AGP-SI-2 was eluted earlier than hCG-SI16) as shown in Fig. 2F . These results demonstrate that the oligosaccharides containing more a2,6-linked NeuAc were eluted earlier than those containing more a2,3-linked NeuAc.
Similar to Fet-SIII, AGP-SIII-2 also provided two peaks, but both the components in the latter were found to contain one a2,3-linked and two a2,6-linked NeuAc (Fig.  2C) , indicating that the separation was due to a difference in the location of the NeuAcresidues. This was confirmed by the two peaks in AGP-SI-2 (Fig. 2F) . The fast-and slow-moving components each contained an NeuAc residue located on the Man a1-3 side and Man a1-6 side,ll' respectively. A combination of anion-exchange and reversed-phase HPLCmethods was successfully employed for fractionating the ABEE-sialyloligosaccharides based on the number, linkage type and/or location of the NeuAcresidue, and on the molecular size of the oligosaccharides. The present study demonstrates that labeling with ABEEis a simple and practical method, alternative to that of radiolabeling or 2-aminopyridine amination, and provides a
